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Abstract 

Background:  Most fractures in children are fractures of the upper extremity. Proximal and diaphyseal humeral frac-
tures account for a minority of these fractures. To our knowledge, few previous reports address these fractures. This 
study aimed to describe the epidemiology and current treatment of proximal and diaphyseal humeral fractures by 
using the Swedish Fracture Register (SFR).

Methods:  In this nationwide observational study from the SFR we analysed data on patient characteristics, injury 
mechanism, fracture classification and treatment. We included patients aged < 16 years at time of injury with proximal 
or diaphyseal humeral fracture registered in 2015–2019.

Results:  1996 (1696 proximal and 300 diaphyseal) fractures were registered. Proximal fractures were more frequent 
in girls whereas diaphyseal fractures were more frequent in boys. The median age at fracture was 10 years in both 
fracture types but patient’s age was more widespread in diaphyseal fracture (IQR 5–13 compared to IQR 7–12 in proxi-
mal). In both sexes, the most registered injury mechanism was fall. Horse-riding was a common mechanism of injury 
in girls, whereas ice-skating and skiing were common mechanisms in boys. Most proximal fractures were metaphyseal 
fractures. Most diaphyseal fractures were simple transverse or oblique/spiral fractures. The majority of fractures were 
treated non-surgically (92% of proximal and 80% of diaphyseal fractures). The treatment method was not associated 
with the patient’s sex. Surgery was more often performed in adolescents. The most common surgical methods were 
K-wire and cerclage fixation in proximal fracture and intramedullary nailing in diaphyseal fracture.

Conclusion:  Following falls, we found sex-specific sport activities to cause most proximal and diaphyseal paediatric 
fractures. Further studies on prophylactic efforts in these activities are needed to investigate whether these fractures 
are preventable. The majority of the fractures were treated non-surgically, although surgical treatment increased with 
increasing age in both sexes.

Trial registration:  Not applicable. The present study is a register-based cohort study. No health care intervention had 
been undertaken.
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Background
One in three children sustain a fracture during childhood 
and adolescence [1]. Previous studies report that almost 
80% of these fractures are fractures of the upper extrem-
ity [2, 3] and that humeral fractures account for less than 
10% of all fractures in children [4, 5]. The majority (70%) 
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of these paediatric humeral fractures are supracondy-
lar fractures [3–7]. Most research on humeral fractures 
in children therefore addresses only distal humeral frac-
tures. Proximal and diaphyseal fractures subsequently 
remain relatively unexplored. Most studies on proximal 
and diaphyseal humeral fractures are either single-center 
studies with a retrospective design and relatively few 
patients included [8] or focus solely on different treat-
ment techniques [9].

Paediatric fractures in general have a 1:1.5 ratio 
between girls and boys, and a unimodal age distribution 
with an observed incidence peak in early teenage years [1, 
4, 10]. Most fractures are caused by falls or sport activi-
ties and the incidence of sport-related injuries increases 
with age [4, 10]. Horse-related injuries are predominantly 
seen in girls and winter-related sports and transportation 
accidents in boys [4, 7, 11, 12]. It is unclear if this pattern 
applies to proximal and diaphyseal humeral fractures as 
well.

There are some population-based studies of fractures 
in the Scandinavian paediatric population [3, 4, 7, 11]. 
But to our knowledge, there is no published nationwide 
epidemiological study addressing humeral fractures 
other than distal fractures in a Scandinavian paediatric 
population.

This nationwide population-based observational study 
of proximal and diaphyseal humeral fractures in children 
and adolescents aims to describe the epidemiology of 
these fractures and possible associations between sex, age 
and the used treatment method. In addition, we aim to 
identify activities with high risk of injuries in the paediat-
ric population, which in turn affects the patient inflow on 
orthopaedic care units as well as health economy.

Main hypotheses were that (i) proximal and diaphyseal 
humeral fractures are more common in boys, (ii) most 
injuries occur during recreational activities and (iii) that 
the incidence of surgical treatment increases with age. 
We hypothesised an increase in surgery with age due to 
the decrease in remodelling capacity with closed growth 
plates [13, 14].

Methods
Data collection and study population
This nationwide population-based observational study 
was conducted using the Swedish Fracture Register 
(SFR). The SFR is a national quality register compiling 
data on patient characteristics, injury mechanism, frac-
ture classification and treatment. The treating physician 
is responsible for registration including classification of 
the fracture. The register was established in 2011 and 
since May 2015 the register has expanded to include 
also paediatric fractures [15]. Since 2021 all orthopae-
dic departments in Sweden report to the SFR (100% 

coverage). Comparing the registered paediatric humeral 
fractures in the SFR with the National Patient Register, 
the completeness was > 70% in half of the affiliated hos-
pitals and varying between 10 and 70% in the remaining 
hospitals. Most of the latter only registered surgically 
treated fractures (internal audit, data not published).

All patients <  16 years of age at the time of injury, 
with a proximal or diaphyseal humeral fracture regis-
tered between 1 January 2015 and 31 December 2019, 
were included (8052 fractures). Supracondylar humeral 
fractures (6056 fractures) were excluded. Patients with 
two fractures (127 patients) registered within the time 
of study (either patients with multiple fractures and/or 
refractures) remained in the study.

Variables
Variables of interest included: patient’s age, sex, injury 
date and injury mechanism. Furthermore, anatomi-
cal fracture classification and treatment method were 
assessed.

The mechanism of injury was divided into eight groups: 
simple falls, falls from height, unspecified falls, transpor-
tation accidents, stress/pathological/spontaneous frac-
tures, non-accidental, other accidents and no mechanism 
registered (missing data).  “Simple fall” included all falls 
in the same level (trips, in snow/ice, ice-skating/skiing, 
nudges) and “fall from height” all falls from another level 
(from furniture, playground facilities, stairs, trees, build-
ings). “Unspecified falls” were injuries registered as falls 
without information about which level they occurred in. 
“Transportation accidents” were divided into several sub-
groups; pedestrian, bicycle/motorcycle (including other 
small vehicles), car (including truck), horse-riding and 
unspecified transportation accidents. “Non-accidental 
injuries” were all injuries due to fights, abuse and self-
destructive acts. “Other accidents” were injuries due to 
mechanical and living forces.

The fractures were categorized according to the paedi-
atric AO/OTA classification system (Figs.  1 and 2). The 
fractures were also divided into groups of adult patients 
with closed growth plates or paediatric patients with 
open growth plates. In proximal fractures, fractures cat-
egorized as Salter-Harris III, IV, and intraarticular frag-
ments were all categorized as “intraarticular fractures”.

Treatment was divided into two main categories; 
non-surgical and surgical treatment. The surgical treat-
ment category also included those patients which had 
a change of their treatment regime from initial non-
surgical treatment to surgical within 2 weeks of the 
injury. The non-surgical group was further divided into 
a non-surgical or non-surgical with closed reduction 
group, and the surgical group to; a) closed reduction 
under general anaesthesia, b) k-wire and cerclage, c) 
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intramedullary nailing (including both rigid and flexible 
nails), d) plate fixation, e) screw fixation, f ) combined 
osteosynthesis and g) external fixation groups. The cho-
sen method of treatment was then surveyed in four dif-
ferent age groups; infancy and toddlerhood (0–3 years), 
preschool (4–6 years), school-age (7–12 years) and ado-
lescence (13–15 years).

Statistics
The statistical analyses were performed using Excel 
(Microsoft Excel for Mac version 16.31, Microsoft Cor-
poration, Redmond, WA) and R version 3.6.3 (February 
29, 2020). Descriptive statistics (counts, median with 
interquartile range and percentage) were used to describe 
the collected data. Logistic regression was performed to 

Fig. 1  Fracture classification according to the AO/OTA classification system. From the Swedish Fracture Register

Fig. 2  Fracture classification according to the AO/OTA classification system. From the Swedish Fracture Register
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estimate the odds ratio (OR). Statistical significance was 
defined as p < 0.05.

Results
1696 (21%) of all registered humeral fractures (8052) 
were proximal fractures, and 300 (4%) were diaphy-
seal. There were 5 open fractures, 1 (0.01%) in girls and 
4 in boys (0.2%) (Table 1). Two patients (both boys) died 
within the study period. No data on their date or cause of 
death was available.

Patient characteristics
The total girl:boy-ratio was 1.5:1 in proximal fractures 
and 1:1.9 in diaphyseal. The proximal to diaphyseal frac-
ture ratio was 9.7:1 in girls and 3.5:1 in boys. In proximal 

fractures the age distribution was unimodal with a peak 
at 11 years in girls and a peak at 12 years in boys (Fig. 3). 
In diaphyseal fractures the age distribution was uneven 
(Fig. 4).

Regarding the proportion between proximal and dia-
physeal humeral fractures by age group, patients between 
0 and 3 years had the highest percentage of diaphyseal 
fractures (Fig. 5).

Seasonal variation and injury mechanism
Among girls, most fractures (124, 11%) were registered 
in May (Fig.  6). The dominating mechanisms of injury 
for these fractures were falls at playground facilities (28, 
23%) and due to horse-riding (17, 14%). Among boys, 
most fractures (94, 11%) were registered in January. The 
dominating injury mechanism for these fractures were 
fall in the same level on snow/ice (19, 20%) or due to win-
ter sport activities (19, 20%).

The overall dominating injury mechanism irrespective 
of the season were falls in both sexes. Injury details of the 
injury mechanisms are shown in Table 2.

Among girls, most transportation accidents were 
caused by horse-riding. Among boys, most transporta-
tion accidents were caused by riding a bike or moped.

Fracture classification
1696 (96%) of all proximal fractures were classi-
fied as paediatric fractures (open growth plates) and 
the majority of those were located in the metaphy-
sis (Fig.  7). There was no difference in fracture type 
between girls and boys. Only 30 (3%) of the proximal 
fractures in girls and 22 (3%) in boys were classified as 

Table 1  Basic characteristics of all fractures

Proximal Diaphyseal Total

Sex
  Girls, n (%) 1004 (59) 103 (34) 1107 (55)

  Boys, n (%) 692 (41) 197 (66) 889 (45)

  Total, n (%) 1696 (100) 300 (100) 1996 (100)

Median age (IQR)
Girls 10 (7–12) 9 (5–12) 10 (7–12)

  Boys 11 (8–13) 10 (6–13) 11 (7–13)

  Total 10 (7–12) 10 (5–13) 11 (9–13)

Open fractures
Girls, n (%) 0 1 1 (0.01)

  Boys, n (%) 2 2 4 (0.2)

  Total, n (%) 2 (0.1) 3 (1) 5 (0.3)

Fig. 3  Distribution of age in patients (boys and girls) with proximal fracture
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adult fractures (closed growth plates). In 15 fractures 
(0.3%) information about the growth plate status was 
missing.

300 (88%) of diaphyseal fractures were classified as 
paediatric fractures (open growth plate) and the major-
ity of those were simple transverse or oblique/spiral 
(Fig.  8). There was no difference in boys and girls. Of 
the diaphyseal fractures in girls, 15 (15%) had closed 
growth plates and were therefore classified as adult 
fractures. This proportion was somewhat higher than 

in boys (8%). In 6 cases (0.2%) information about the 
growth plate status was missing.

Treatment
The majority of proximal (1561, 92%) and diaphyseal 
(241, 80%) humeral fractures were treated non-surgically. 
Logistic regression analysis revealed increased surgical 
intervention with increasing age in both locations. There 
was no significant difference in odds for surgical treat-
ment between the sexes, see Table 3.

Fig. 4  Distribution of age in patients (boys and girls) with diaphyseal fracture

Fig. 5  Proportion of fracture (proximal or diaphyseal) location by age group
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In proximal fractures, the age at surgery was signifi-
cantly lower among girls than boys (11 versus 12 years, 
p < 0.02). This was not the case in diaphyseal fracture 
(Figs.  9 and 10). 3 patients with proximal fractures and 
null patients with diaphyseal fracture had a registered 
reoperation.

99 proximal fractures were treated surgically. The pre-
ferred method in these fractures were K-wire and cer-
clage (65, 66%). 46 diaphyseal fractures were treated 
surgically. The preferred method in these fractures were 
intramedullary nailing (27, 59%). For all proximal and 
diaphyseal fractures, flexible nails were used in 46 (92%) 

Fig. 6  Seasonal variation of proximal and diaphyseal fractures for boys and girls respectively

Table 2  Injury mechanism for proximal and diaphyseal humeral fractures presented for girls, boys and total

Proximal Diaphyseal

Girls, n (%) Boys, n (%) Total, n (%) Girls, n (%) Boys, n (%) Total, n (%)

Simple falls 287 (29) 258 (37) 545 (32) 19 (18) 56 (28) 75 (25)

  Tripping 149 127 275 11 30 41

  Ice-skating/skiing 70 65 135 5 14 19

  On snow/ice 42 40 82 2 9 11

Falls from height 347 (35) 206 (30) 553 (33) 28 (27) 46 (23) 74 (25)

  Playground facilites 169 115 284 19 26 45

Unspecified falls 78 (8) 34 (5) 112 (7) 3 (3) 10 (5) 13 (4)

Transportation accidents 204 (20) 118 (17) 322 (19) 24 (23) 25 (13) 49 (16)

  Pedastrian 2 1 3 1 2 3

  Bicycle/motorcycle 43 106 149 8 19 27

  Car 1 1 2 1 3 4

  Horse-riding 150 5 155 13 1 14

  Unspecified 8 5 13 1 0 1

Stress/pathological/spontaneous 2 (0.2) 2 (0.3) 4 (0.2) 2 (2) 14 (7) 16 (5)

Non-accidental 3 (0.3) 3 (0.4) 6 (0.4) 3 (3) 4 (2) 7 (2)

Other accidents 60 (6) 50 (7) 110 (6) 17 (17) 36 (18) 53 (18)

Not registered 23 (2) 21 (3) 44 (3) 7 (7) 6 (3) 13 (4)

Total 1004 (100) 692 (100) 1696 (100) 103 (100) 197 (100) 300 (100)
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of all 50 intramedullary nailing procedures (Tables 4 and 
5).

Discussion
Main findings
21% of all humeral fractures were proximal and 4% were 
diaphyseal. Girls were overrepresented in patients with 

proximal fractures and boys in diaphyseal fractures. Sur-
gical treatment methods increased with increasing age, 
but they were not associated with sex.

Fracture epidemiology
As previous studies on general paediatric fracture epi-
demiology have reported a predominance in boys, we 

Fig. 7  Fracture classification in paediatric proximal fractures according to AO/OTA classification

Fig. 8  Fracture classification in paediatric diaphyseal fractures according to AO/OTA classification
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hypothesised that most humeral fractures would occur 
in boys. As opposed to this, we found that most frac-
tures occurred in girls. This due to the female dominance 
in proximal fractures. Previous studies have reported 
a girl:boy ratio of 1.4:1 [12], 1.8:1 [16] and 9.5:1 [11] in 
proximal fractures. Proximal humeral fractures are one of 

few paediatric fractures mainly afflicting girls and might 
be explained by the female predominance in horse-riding 
[12]. These findings are in line with our findings with a 
majority of proximal fractures in girls being caused by 
horse-riding. Data from The Swedish Research Council 
for Sport Science show that 96% of all children partici-
pating in horse-riding are girls. On the contrary, 94% of 
all participating in ice-hockey are boys [17]. This sex-
specific difference in sporting activities can explain the 
female peak incidence in May and male peak incidence 
in January. Our results on seasonal variation and mecha-
nism of injury confirms the hypothesis that most children 
sustain their fracture during recreational activities.

The unimodal age distribution in proximal fractures 
with an earlier incidence peak in girls than boys was in 
line with other nationwide studies of paediatric frac-
ture epidemiology [1, 7, 10]. The earlier peak in injuries 
amongst girls compared to boys could be explained by 

Table 3  Odds ratios for surgical treatment in relation to age at 
injury and sex

Proximal humerus fracture OR 95% Confidence intervall P-value

  Age at fracture 1.3 1.2–1.4 < 0.001

  Sex (girl) 0.9 0.6–1.4 0.7

Diaphyseal humerus 
fracture

OR 95% Confidence intervall P-value

  Age at fracture 1.2 1.1–1.3 < 0.001

  Sex (girl) 0.9 0.4–1.8 0.7

Fig. 9  Age at surgical treated proximal humeral fracture
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earlier puberty and growth spurt which causes a decrease 
in bone mineral density, making pubertal children more 
vulnerable to fractures [18]. In addition, our peak occur-
rences in diaphyseal fractures among infants and adoles-
cents were also in line with other studies [5, 19]. The high 
incidence amongst infants can be explained by birth-
related traumas, while traffic-related fractures might 
explain the increase in adolescents which is comparable 
with the cause of humeral fractures in adults [20].

Fracture classification
To our knowledge, this is the first study that analysed the 
anatomical fracture classification in paediatric proximal 
and diaphyseal humeral fractures. Only few paediatric 
humeral fractures are multi-fragmentary fractures which 
is in contrast with the reports of adult fractures. Bergdahl 
et al. reported in 2016 that 55% of all proximal and 16% of 

all diaphyseal fractures are multi-fragmentary fractures 
in adults [20]. This could be explained by the biomechan-
ical properties of paediatric bone and the occurrence 
of a growth plate in the affected area [21]. In adults the 
relation to osteoporosis and lower bone mineral density 
could explain their vulnerability to multi-fragmentary 
fractures [20, 22].

Treatment
As previously described [23, 24], the most common treat-
ment for humeral fractures was non-surgical treatment. 
In a Finnish study on proximal fractures, 8% were treated 
surgically [12] which corresponds well with our findings 
(7% in boys and 5% in girls). In another Finnish study 
on diaphyseal fractures, 50% of all hospitalised children 
required surgery and/or fracture reduction [19]. In our 
population 20% of all patients with diaphyseal fractures 

Fig. 10  Age at surgical treated diaphyseal humeral fracture
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were treated surgically or had a fracture reduction. This 
reflecting our inclusion of both hospitalised and non-
hospitalised patients.

Regarding the choice of surgical technique, there is an 
ongoing discussion on which surgical method should be 
used [25–28]. This varies both globally and in our study 
cohort. The diversity of surgical methods used indicates 
a more local tradition-based rather than evidence-based 
reason to choose one technique over the other. It might 
of course also reflect that the surgical technique chosen 
might - at least in children - not have such big impact on 
fracture healing since the reoperation rate is generally 
low. This also reflects the absence of randomised studies 
in children.

As hypothesised, we noted an increase in surgical treat-
ment with increasing age. When considering surgery for 
the treatment of paediatric fractures, the child’s bone age 
plays an important role: in young children most fractures 
can be treated non-surgically due to open growth plates 
and substantial remodelling capacity [24]. However, with 
increasing age the remodelling capacity is decreasing 
and surgical treatment is more often required to achieve 
alignment [13, 14]. Furthermore, fracture healing-time 
increases with age [29]. Older children would therefore 
need longer immobilisation periods. Considering the fact 
that girls reach puberty earlier than boys, we would have 
expected that age at surgery was younger in girls. This 
was the case in proximal humeral fractures but not in 
diaphyseal fractures. The choice of treatment, non-surgi-
cal or surgical was however not associated with sex.

Strengths and limitations
One notable strength of this study is the register design. 
The SFR is a nationwide register covering about 80% of 
Sweden’s orthopedic units at our time of study, stretch-
ing from small countryside hospitals to university hospi-
tals. Another notable strength are the very low numbers 
of incomplete data. Only a few percent of the registered 
fractures lacked information on injury mechanism, clas-
sification or treatment. The fractures were classified by 
the treating orthopaedic surgeon and previous validation 
studies have reported good accuracy in such classifica-
tions [30–32].

As with all register-based studies, a prominent limi-
tation is the lack of completeness when comparing reg-
istered fractures with fractures registered in the NPR. 
However, the NPR-data are less suitable for an epide-
miological study since they lack detailed information 
on injury site, injury mechanism and fracture classifica-
tion. Another limitation with register-based studies is 
their vulnerability to misinterpretation of the variables 
when registering a fracture. The fact that some units 
only register paediatric fractures treated surgically, can 

cause selection bias and a false high frequency of surgi-
cal treated fractures. Outcomes in the SFR include regis-
trations of reoperations which is out of the scope of this 
epidemiological study. Furthermore, reoperations need 
verification of medical records to be fully valid.

Conclusions
One in four paediatric humeral fractures occurred in the 
proximal or diaphyseal part. Girls were in majority in 
proximal fracturs and boys in diaphyseal fractures. Most 
children sustained their proximal and diaphyseal humeral 
fracture by falling from playground facilities, horse-
riding or winter sport activities. Further studies need 
to investigate if these fractures could be prevented with 
prophylactic efforts in activities. The surgical treatment 
increased with increasing age in in both sexes but the age 
at surgery was younger in girls with proximal humeral 
fractures. The surgical method showed a large variation 
of techniques and the registered re-operation rate was 
very low.
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